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@ improved method of decarburizing molten metal.

@ A method of refining molten metal is disclosed compris-
ing the steps of injecting a mixture of oxygen and an inert
gas below the surface of molten metal at a high oxygen to
inert gas ratio of at least 2:1 while utilizing from about 2.5 to
12% of the injected inert gas to shroud the remainder of the
injected gaseous mixture. The oxygen to inert gas ratio is
progressively decreased as the carbon content in the molten
metal decreases and the temperature of the molten metal
increases. The improvement of the present invention com-
prises supplying dry air to the remainder of the injected
gaseous mixture in the quantity sufficient for the nitrogen in
the dry air to fulfill the inert gas requirements for the remain-
der of the injected gaseous mixture, and for the oxygen in
the dry air to fulfill at ieast a portion of the oxygen require-
ments for the injected gaseous mixture.
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IMPROVED METHOD OF DECARBURIZING MOLTEN METAL

The present invention relates to decarburizing
molten metal and, more particularly, to an improved method
of refining molten steel by utilizing dry air in order
to reduce the requirements for gaseous nitrogen and
gaseous oxygen previously supplied from separate gas
sources.

In the production of metal, particularly steel, it
is standard practice to remove excessive quantities of
certain impurities which may be present in the metal.

An essential part of present day steel production includes
a process called decarburizing. Decarburizing is a
process for reducing the amount of carbon present in the
metal. This process is generally performed by injecting
oxygen into molten steel in a manner which precipitates

a reaction between the carbon dissolved in the molten
steel and the injected gaseous oxygen to form volatile
carbon oxides which may be removed from the molten steel.

Various decarburizing processes are disclosed in the prior
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art including United States Letters Patent Nos. 3,741,557;
3,748,122; 3,798,025 and 3,832,160.

A variant to decarburizing with substantially pure
oxygen alone is disclosed in United States Letters Patent
Nos. 3,046,107 and 3,252,790. Such alternative process
includes the simultaneous introduction of gaseous oxygen
and an inert gas into the molten metal in a controlled
manner. Such process has the advantage of minimizing
chromium and iron oxidation during decarburizing.
Although not normally considered to be an inert gas,
nitrogen is commonly utilized to provide the majority
of the inert gas reqguirements for such alternative
decarburization process.

In practicing the decarburizing process described
above, it has been standard practice to install and
maintain separate storage facilities for the gaseous
oxygen, the argon, the nitrogen, and other inert gases
and to purchase sufficient guantities of the pure gases,
oxygen, nitrogen, argon, etc., as may be required. The
use of separate storage facilities for the different
gases used in the decarburizing process permitted tight
control of gas volumes and accurate maintenance of oxygen
to inert gas ratios as is required in the decarburizing
process.

It is understandable that gas consumption costs

associated with the purchase of substantially pure nitrogen
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and oxvgen in significantly large quantities to provide
the decarburizing gas requirements for a steel making
facility are significant.

It is the object of the present invention to provide a
method of decarburizing molten metal, particularly steel,
which adequately reduces the carbon content of the steel while
enabling present gas consumption costs to be reduced.

The present invention provides a method of
decarburizing molten metal comprising the steps of:

injecting a mixture of oxygen and an inert gas
selected from the group consisting of nitrogen,
argon, xenon, neon, helium, and mixtures thereof
from separate gas sources into molten metal below
the surface thereof, at a high oxygen to inert gas
ratio of at least 2:1, whereby a portion of the
injected oxygen reacts with the carbon to evolve
carbon oxides,

during injection utilizing from 2.5 to 12%

of the injected inert gas to shroud the remainder

of the injected gaseous mixture,

progressively decreasing the oxygen to inert
gas ratio as the carbon content in the molten metal
decreases and as the temperature of the molten metal
increases, and

continuing injecting the gaseous mixture until
the carbon content in the molten metal decreases

to the desired level,
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characterized in that:

while continuing to utilize from 2.5 to 12%
of the injected inert gas from a separate gas source
to shroud the remainder of the injected gaseous
mixture, supplying dry air to the remainder of the
injected gaseous mixture in a quantity sufficient
for the nitrogen in the dry air to fulfill the inert
gas reguirements for the remainder of the injected
gaseous mixture, and for the oxygen in the dry air
to fulfill a portion of the oxvgen requirements for
the remainder of the injected gaseous mixture, and

reducing the volume of oxygen and inert gas
injected from separate gas sources in accordance
with the volume of oxygen and nitrogen injected
with the supply of dry air to maintain the required
oxygen to inert gas ratio.
The present invention also provides a method of

decarburizing molten metal comprising the steps of:

injecting a mixture of oxygen and an inert
gas selected from the group consisting oi nitrogen,
argon, xenon, neon, helium, and mixtures thereof
from separate gas sources into molten metal below
the surface thereof, at an oxygen to inert gas
ratio of at least as high as 2:1, whereby a portion
of the injected oxygen reacts with the carbon to
evolve carbon oxides,

during injection utilizing from 2.5 to 12%
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of the injected inert gas to shroud the remainder
of the injected gaseous mixture,

progressively decreasing the oxygen to inert
gas ratio to at least as low as 1:2 as the carbon
content in the molten metal decreases and as the
temperature of the molten metal increases, and

continuing injecting the gaseous mixture at
an oxygen to inert gas ratio of at least as low
as 1l:2 until the carbon content in the molten
metal decreases to the desired level,
characterized in that:

while continuing to utilize from 2.5 to 12%
of the injected inert gas from a separate gas
source to shroud the remainder of the injected
gaseous mixture, supplying dry air to the remainder
of the injected gaseous mixture in a quantity
sufficient for the nitrogen in the dry air to
fulfill the inert gas requirements for the remainder
of the injected gaseous mixture, and for the
oxygen in the dry air to fulfill a portion of the
oxygen requirements for the remainder oi the
injected gaseous mixture, and

reducing the volume of oxygen and inert gas
injected from separate gas sources in accordance
with the volume of oxygen and nitrogen injected

with the supply of dry air to maintain the required
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oxygen to inert gas ratio.

The invention further provides a method of
decarburizing chromium containing molten steel containing
less than substantially 3.5% by weight carbon, without
substantial loss of chromium, comprising the steps of:

) injecting a mixture of oxygen and an inert
gas selected from the group consisting of nitrogen,
argon, xenon, neon, helium, and mixtures therepf
from separate gas sources into molten steel
maintained at a temperature of substantially
1427°¢ to 1510°C (2600°F to 2750°F), below the
surface thereof, at an oxygen to ihert gas ratio
of substantially 3:1, whereby a portion of the
injected oxygen reacts with the carbon to evolve
ca;bon oxides,

during injection utilizing from substantially

2.5 to 12% of the injected inert gas to shroud

the remainder of the injected gaseous mixture,

decreasing the oxygen to inert gas ratio

to substantially l:1 as the carbon content in

the molten steel decreases to less than

substantially 0.75% by weight, and as the

temperature of the molten steel increases to

at least substantially 1593°C (2900°F),

further decreasing the oxygen to inert gas
ratio to at least as low as substantially 1:3

as the carbon content in the molten steel



0030818

decreases to less than substantially 0.2% by weight
and as the temperature of the molten steel increases
to at least substantially 1649°c (3000°F), and

continuing injecting the gaseous mixturec at
an oxygen to inert gas ratio of at least as low as
substantially 1:3 until the carbon content in the
molten steel decreases to less than substantially
0.10% by weight,

characterized in that:

while continuing to utilize from substantially
2.5 to 12% of the injected inert gas from a separate
gas source to shroud the remainder of the injected
gaseous mixture, supplying dry air to the remainder
of the injected gaseous mixture in a gquantity
sufficient for the nitrogen in the dry air to
fulfill the inert gas requirements for the remainder
of the injected gaseous mixture, and for the oxygen
in the dry air to fulfill a portion of the oxygen
reguirements for the remainder of the injected
gaseous mixture, and

reducing the volume of oxygen and inert gas
injected from separate gas sources in accordance
with the volume of oxygen and nitrogen injected
with the supply of dry air to maintain the required

oxygen to inert gas ratio.



0030818

An advantage of the present invention is the direct
substitution of lower cost compressed air for gaseous
nitrogen and gaseous oxygen from separate gas sources and
the controlled utilization of such lower cost air in a
decarburization process.

The invention will be more fully understood and
appreciated with reference to the following description.

As discussed above, decarburizing is a necessary
énd essential part of certain metal production processes,
particularly the steel-making process. For example, in
the production of certain steels, such as high chromium
stainless steel, it is common for the initially melted
hot metal to contain from about 0.5 to about 1.8% by
weight carbon. It may be necessary to reduce such carbon
content to below about 0.06% by weight, and, for certain
steel grades, below about 0.03% by weight in order for
the steel to be of acceptable gquality. Although the
present invention is described with particular reference
to the production of steel, including stainless steel,
it should be understood that the invention may apply
to the decarburization of a variety of metals including
silicon steel, carbon steel, tool steels, higher carbon
~ containing ferrochromium, and other grades.

Reduction of the carbon content of a metal is
performed by a decarburizing process. A typical

decarburizing process, commonly called the argon-oxygen
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decarburization (AOD) process, includes injecting a
mixture of gaseous oxygen and an inert gas into a

vessel containing a molten metal bath. The inert gas

may be nitrogen, argon, xenon, necn ¢r helium or

mixtures thereof. The injected gas mixture is introduced
below the surface of the molten metal through one or

a series of tuyeres preferably located at or near the
bottom surface of the vessel.

During injection of the gaseous mixture into the
molten metal, a portion of the inert gas, typically
argon, is utilized to shroud the remainder of the injected
mixture. Such shrouding protects the tuyeres and the
vessel from the deleterious affects which the oxygen
may otherwise have thereon during injection.

Such shrouding may be accomplished by using
tuyeres constructed of two concentric pipes. A portion of
the inert gas is supplied through the annulus, defined by
the larger outside diameter pipe, into the vessel.

The remainder of the gaseous mixture is supplied to

the vessel through the central portion defined by the
smaller diameter pipe. Although the inert gas
requirements for the remainder of the gaseous mixture
may be reduced by the process of the present invention
as explained in detail below, it has been found that the
inert gas requirements for providing the shroud should

be maintained to prolong tuyere and refractory life.
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It has been found that the volume, or flow rate, of
inert gas used to provide such shroud is typically
from about 2.5 to about 12% of the total gas volume.

In the AOD process, the amount of gaseous oxygen
and the amount of inert gas are controlled to accompligh
the reqyisite carbon reduction. It is understandable
that the desired carbon reduction may vary depending
upon the metal being decarburized and the type of
product to be produced therefrom. 1In a typical steel
decarburization process, the temperature of the unrefined
molten steel after being poured into an AOD vessel
would be in the range of from 1316 to 1593°¢ (2400 to _
29OOOF), and more typically from 1427 to 1510°¢C (2600
to 27500F) for most grades. Then a mixture of gaseous
oxygen and inert gas from separate gas sources is injected
below the surface of the molten steel at a high oxygen to
inert gas ratio. Such oxygen injection is commonly
called the "oxygen blow." It should be understood that
the high oxygen to inert gas ratio is intended to
include oxygen to inert gas ratios higher than about
2:1, and in certain applications may be as high as 7:1,
although ratios of from 3:1 to 4:1 are most common.

It should also be understood that reference to the
phrase “"decreasing the oxygen to inert gas ratio" means
that the proportion of inert gas in the mixture

increases with respect to the proportion of oxygen in
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such mixture.

During the oxygen blow at least a portion of the
injected gaseous oxygen reacts with the carbon in the
molten steel to evolve carbon oxides. It is understandable
that the amount of oxygen must be sufficient with
respect to the carbon content of the molten metal to
evolve éarbon oxides therefrom while the amount of oxygen
must not be so excessive as to cause oxidation of certain
alloying elements particularly chromium. It has béen
found, accordingly, that a high oxygen to inert gas
ratio of at least as high as about 2:1 is sufficient
during the initial blowing stages. However, as is also
understandable, as the carbon oxides evolve from the
molten steel a lower oxygen concentration is required
in the injected gas to continue decarburization while
minimizing chromium loss. Therefore, the initial high
oxygen to inert gas ratio should be reduced, typically
to about 1:1, as the carbon content of the steel
decreases, typically to less than about 0.5% by weight.
It is also typical that the temperature of the molten
steel rises about 121 to 204°C (250 to 4OOOF) during
such initial decarburization step to a temperature
approximately 1649°¢C (BOOOOF). The oxygen to inert
gas ratio should be further reduced as the carbon
content in the molten steel decreases. As discussed

in detail below, it is typical that the oxygen to inert
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gas ratio is reduced to at least as low as about 1:3 as
the carbon content in the molten steel decreases to less
than about 0.2% by weight and as the temperature of

the molten steel increases another 38°C (lOOOF) to about
l704°C (3lOOOF). Such finally reduced oxygen to inert

gas ratio should thereafter be maintained until the carbon
content in the molten steel is reduced to the desired
level, which for most specialty steel grades is preferably
below 0.06% by weight.

The present invention may be applicable to
decarburizing a variety of steel grades, even steel
containing as high as about 30% by weight chromium.

It should be understood that the blowing schedules may
have to be altered in instances of high chromium

content in the molten steel primarily to prevent oxidation
thereof.

As mentioned above, about 2.5 to 12% of the total
gas volume should be utilized to maintain an inert gas
shroud throughout the majority of the decarburizing
process. The balance, or remainder, of the gaseous
mixture comprises oxygen and an inert gas. For the
purpose of this invention the term inert gas is used
to refer to any gas which prevents the tuyere, or nozzle
from oxidizing including nitrogen, argon, xXenon, neon,
helium and mixtures thereof.

In the past, all of the gases utilized for
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decarburizing were stored in separate facilities. Each

gas was purchased in substantially pure form and segregated
from the other gases until injection into a molten steel
bath. It can be readily appreciated that the costs of
manufacturing large quantities of commercially pure oxygen
and nitrogen, typically by air liquefaction technigues

may be significant. As such, the gas consumption costs in
such prior art process comprise a significant portion

of the overall decarburizing costs.

The present invention requires that the air
substituted for gaseous nitrogen and that the substitution
process 1tself be controlled in order for the substitution
to be successful. In accordance with the present invention,
the air supplied for decarburizing molten metal must be
dry. Dry air is supplied to the remainder of the
injected gaseous mixture in a gquantity sufficient for
the nitrogen in the dry air to fulfill the inert gas
requirements for the remainder of the injected gaseous
mixture. As used in the present application, the term
"dry air" means air which has been compressed to at least
200 psig, and preferably to about 250 psig, and is
demoisturized to a dew point of -40°C (—4OOF) or lower.

It should further be noted that the dry air of the
present invention should not be compressed with o0il or
other lubricants which could contaminate the dry air.

The amount of inert gas required for maintaining

a shroud may be established and maintained relatively
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uniform throughout the decarburizing process. The
amount of inert gas required for the remainder of the
gaseous mixture, i.e., apart from the shroud, is readily
determined from the oxygen to total inert gas ratio.
Then, an amount of dry air, as defined above, necessary
to supply such inert gas (nitrogen) requirements is
provided through the centre of the injecting tuyere
within the inert gas shroud and into the molten metal
bath.

It follows, that a certain amount of oxygen is
injected into the molten metal along with the nitrogen
in the dry air. Such oxygen comprises about one-fifth
of the total dry air injected. This amount of oxygen
is usually not sufficient to satisfy all of the oxygen
requirements, but the total oxygen requirements for
that quantity which must be supplied from a separate
source 1is reduced accordingly. Thus, the substitution
of dry air, as defined above, notonly reduces separate
source inert gas requirements but also reduces the
separate source oxygen requirements.

Typically, the total gaseous nitrogen consumption
during the decarburizing portion of the AOD refining
process ranges from about 400 to about 1000 cubic feet
pef ton of steel. Such consumption may vary depending
upon the amount of carbon and/or the amount of nitrogen
tolerable in the final chemistry of the steel . Using

such dry air, as set forth in the present invention,
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results in a replacement of at least 50%, and generally
in excess of 80%, of the gaseous nitrogen formerly
supplied as commercially pure gaseous nitrogen from a
separate source. Such substitution of dry air further
results in a replacement of, typically, about 25 to 35%
of the oxygen regquirements formerly supplied as
commercially pure gaseous oxygen from a separate source.
It will be appreciated that metal grades which have
lower carbon tolerance require a longer oxygen blow.
Also, certain metal grades permit a higher nitrogen
content. In such instances the amount of dry air
substituted for gaseous nitrogen and gaseous oxygen, and
the corresponding savings resulting from such
substitution may be more significant.

Table I below shows a comparison of gas consumption
between conventional decarburization and decarburization
in accordance with the present invention, for a 1CC-ton

heat of Type 304 ELC (extra low carbon) stainless steel:
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TABLE I: DECARBURIZATION PROCESS

Oxygen Nitrogen Argon _ Air , TOTAL
Blow Flow Volume Flow Volume Flow Volume Flow Volume Volume
Oxygen:Inert Gas Time Rate (Cubic Rate (cubic Rate (cubic Rate (cubic (cubic
Ratio (Min.) (CFM) feet) CFM feet) (CFM) feet) (CEM) feet) feet)
CONVENTIONAL
307:1Np 14.2 2500 35,500 833 11,830 0 0 0 0 47,330
107:1Ny 4.5 1667 7,500 1667 7,500 0 0 0 0 15,000
107:3N 33.5 833 27,900 2500 83,750 0 0 0 0 111,650
109:3Ar 1.8 833 _1,500 0 0 2500 4500 0 ] 6,000
TOTALS 54.0 72,400 103,080 4500 0 179,980
PRESENT INVENTION
309:1N9 14.2 2342 33,260 200 2,840 0 0 789 11,230 47,330
107:1N7 4.5 1330 5,850 200 900 0 0 1833 8,250 15,000
107:3Ny . 33.5 258 8,640 200 6,700 0 0 2875 96,310 111,650
109:3Ar 1.8 833 1,500 0 0 2500 4500 0 0 6,000
TOTALS 54.0 49,250 10,440 4500 115,790 179,980
SAVINGS IN 23,150 92,640

GAS CONSUMPTION
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The consumption figures for argon and nitrogen,
as set forth in Table I above, do not reflect gas
consumption during stirring of a reduction mixture, or
gas consumption during post refining operations which
may be performed after decarburization. Typically,
argon is used for stirring of a reduction mixture. Also
nitrogen may be consumed after decarburization in instances
where there is an aimed nitrogen content for the molten
metal.

Chemistry changes during the decarburization
process, and through the reduction period of the present
invention for the heat of Type 304 ELC stainless steel
discussed above, are shown in Table II. The raw materials
added during decarburization and for reduction after
decarburization of such heat of Type 304 ELC stainless
steel are shown in Table III.

TABLE IT

Per Cent by Weight

Adjusted

Hot Metal Hot Metal Reduction
Element Chemistry Chemistry* Chemistry
Carbon .910 1.129 .015
Manganese .85 1.76 1.70
Silicon .14 .20 .70
Chromium 17.29 17.76 18.60
Nickel 8.86 8.58 8.90
Nitrogen - - .06
Iron Bal. Bal. Bal.

* Reflects chemistry after purposeful additions are

made during decarburization.
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TABLE IIIX

RAW MATERIAL ADDITIONS

Pounds

During For
Material Decarburization Reduction
High carbon chromium 4261 -
High carbon manganese 2917 -
Ferrochrome - silicon - 8523
Electrolytic nickel - 3491
Ferrosilicon - 35

Lime ) - 7842

The carbon content and the molten metal temperatures
at various stages of the above-described decarburization

example are as follows:

TABLE IV
Percent

Stage Carbon Temperature OC(OF)
tart 1.129 1427-1510(2600~-2750)
End 302:1N2 .40 1654 (3010)
End lOZ:lN .25 1693 (3080)
End 102:3 $nert .015 1732 (3150)
(Ar ané Nz)

As illustrated in the above example, the amount of
gaseous nitrogen utilized from a separate source when
using the conventional decarburization process totals
103,080 cubic feet for the decarburization portion alone.
However, when dry air, as defined above, is used for
blowing, the gaseous nitrogen requirements are reduced
to 10,440 cubic feet. It should be understood that
such 10,440 cubic feet of gaseous nitrogen represents

that quantity necessary to maintain an inert gas shroud
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during the major portion of the decarburization process.
Also, the oxygenrcontained in the dry air results in a
decrease in gaseous oxygen requirements. In particular,
the gaseous oxygen consumed decreased from 72,400 cubic
feet for conventional decarburizing to 49,250 cubic feet
according to an exemplary process of the present invention.
It should be noted that in the above example the
oxygen:nitrogen mixture is used for the first 98% of
oxygen blowing requirements. For metal grades having
low nitrogen contents such period may be significantly
lower, however, typically the mixture is used for the
first 90-98% of oxygen blowing requirements. There-
after, it may be considered necessary to substitute argon
for the nitrogen in order to control the nitrogen content
of the molten metal to a certain level, such as less
than about 0.065% by weight. It should be apparent that
such substitution may not be necessary in instances where

nitrogen content is not critical.
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CLAIMS:

1. A method of decarburizing molten metal
comprising the steps of:

injecting a mixture of oxygen and an inert
gas selected from the group consisting of nitrogen,
afgon, xenon, neon, helium, and mixtures thereof
from separate gas sources into molten metal below
the surface thereof, at a high oxygen to ineft
gas ratio of at least 2:1, whereby a portion of
the injected oxygen reacts with the carbon to
evolve carbon oxides,

during injection utilizing from 2.5 to 12%
of the injected inert gas to shroud the remainder
of the injected gaseous mixture,

progressively decreasing the oxygen tQ inert
gas ratio as the carbon content in the molten
metal decreases and as the temperature of the
molten metal increases, and

continuing injecting the gaseous mixture
until the carbon content in the molten metal
decreases to the desired level,

characterized in that:

while continuing to utilize from 2.5 to 12%
of the injected inert gas from a separate gas
source to shroud the remainder of the injected

gaseous mixture, supplying dry air to the remainder
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of the injected gaseous mixture in a gquantity
sufficient for the nitrogen in the dry air to
fulfill the inert gas requirements for the
remainder of the injected gaseous mixture,
and for the oxygen in the dry air to fulfill
a-portion of the oxygen requirements for the
remainder of the injected gaseous mixture, and
reducing the volume of oxygen and inert gas
injected from separate gas sources in accordance
with the volume of oxygen and nitrogen injected
with the supply of dry air to maintain the

required oxygen to inert gas ratio.

2. A method of decarburizing molten metal
comprising the steps of:

injecting a mixture of oxygen and an inert
gas selected from the group consisting of nitrogen,
argon, xenon, neon, helium, and mixtures thereof
from separate gas sources into molten metal below
the surface thereof, at an oxygen to inert gas
ratio of at least as high as 2:1, whereby a
portion of the injected oxygen reacts with the
carbon to evolve carbon oxides,

during injection utilizing from 2.5 to
12% of the injected inert gas to shroud the

remainder of the injected gaseous mixture,
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progressively decreasing the oxygen to inert
gas ratio to at least as low as 1:2 as the carbon
content in the molten metal decreases and as the
temperature of the molten metal increases, and

continuing injecting the gaseous mixture at
an oxygen to inert gas ratio of at least as low as
1:2 until the carbon content in the molten metal
decreases to the desired level,

characterized in that:

while continuing to utilize from 2.5 to 12%
of the injected inert gas from a separate gas
source to shroud the remainder of the injected
gaseous mixture, supplying dry air to the remainder
of the injected gaseous mixture in a qﬁantity'
sufficient for the nitrogen in the dry air to
fulfill the inert gas requirements for the remainder
of the injected gaseous mixture, and for the oxygen
in the dry air to fulfill a portion of the oxygen
requirements for the remainder of the injected
gaseous mixture, and

reducing the volume of oxygen and inert gas
injected ffom separate gas sources in accordancé
with the volume of oxygen and nitrogen injected
with the supply of dry air tomaintain the required

oxygen to inert gas ratio.
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3. A method according to claim 1 or 2, wherein
the molten metal is steel.
4. A method according to claim 3, wherein the

m lten metal is stainless steel.

5. A method according to claim 1 or 2,wherein

the molten metal is ferrochrome.

6. A method according to any one of the preceding
claims, wherein the molten metal temperature at the
start of decarburization is from 1316 to 1593°C (2400

to 2900°F).

7. A method according to claim 6 wherein the
molten metal temperature at the start of decarburization

is from 1427 to 1510°C (2600 to 2750°F).

8. A method according to any one of the
preceding claims, wherein an initial oxygen to inert
gas ratio of substantially 3:1 is decreased to
substantiallyv 1:1 as the carbon content in the molten
steel decreases to less than substantially C.5% by
weight, and as the temperature of the molten steel

increases to at least substantially 1593°% (2900°F) .

9. A method according to claim 8, wherein the
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oxygen to inert gas ratio of 1l:1 is further decreased
to at least as low as substantially 1:3 as the carbon
content in the mblten steel decreases to less than
substantially 0.2% by weight, and asche temperature

of the molten steel increases to at least substantially

1649°c (3000°F) .

10. A method according to claim 9, wherein the
oxygen to inert gas ratio of at least as low as
substantially 1:3 is maintained until the carbon content
in the molten steel decreases to less than substantially

0.1% by weight.

11. A method according to claim 9, wherein the
oxygen to inert gas ratio of at least as low as
substantially 1:3 is maintained until the carbon content
in the molten steel decreases to less than substantially

0.06% by weight.

12. A method of decarburizing chromium containing
molten steel containing less than substantially 3.5%
by weight carbon, without substantial lecss of chromium
comprising the steps of:
injecting a mixture of oxygen and an inert
gas selected from the group consisting of nitrogen,
argon, xenon, neon, helium, and mixtures thereof

from separate gas sources into molten steel
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maintained at a temperature of substantially
1427°C to 1510°C (2600°F to 2750°F), below the
surface thereof, at an oxygen to inert gas ratic
of substantially 3:1, whereby a portion of the
injected oxygen reacts with the carbon to evolve
carbon oxides,

during injection utilizing from substantially
2.5 to 12% of the injected inert gas to shroud
the remainder of the injected gaseous mixture,

decreasing the oxygen to inert gas ratio to
substantially 1:1 as the carbon content in the
molten steel decreases to less than substantially
0.75% by weight, and as the temperature of the
molten steel increases to at least substantially
1593°C (2900°F),

further decreasing the oxygen to inert geas
ratio to at least as low as substantially 1:3
as the carbon content in the molten steel
decreases to less than substantially 0.2% by
weight and as the temperature of the molten steel
increases to at least substantially 1649°¢ (BOOOOF),
and

continuing injecting the gaseous mixture at an
oxvgen to inert gas ratio of at least as low as
substantially 1:3 until the carbon content in the

molten steel decreases to less than substantially
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0.10% by weight,

characterized in that:

while continuing to utilize from substantially
2.5 to 12% of the injected inert gas from a separate
gas source to shroud the remainder of the injected
gaseous mixture, supplying dry air to the remainder
of the injected gaseous mixture in a gquantity
sufficient for the nitrogen in the dry air to
fulfill the inert gas requirements for the remainder
of the injectedrgaseous mixture, and for the oxygen
in the dfy air to fulfill a portion of the oxygen
requireﬁents for the remainder of the injected
gaseous mixture, and

reducing the volume of oxygen and inert gas
injected from separate gas sources in accordance
with the volume of oxygen and nitrogen injected
with the supply of dry air to maintain the required

oxygen to inert gas ratio.

(1]
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